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HISTORl 


OF  THK 


APPLICATION  OF  THE  ELECTRIC  LIGHT  TO  LIGHTING 

THE  COASTS  OF  FRANCE. 


The  value  to  iiavigatioii  of  tlioroug-lily  lighting  our  coa.sts  i.s  too 
evident  to  require  any  argument  in  its  favor ; and,  in  vieAV  of  the  im- 
mense interests  at  stake,  there  is  no  (luestion  but  that  improved 
methods  of  lighting  should  be  adopted,  almost  regardless  of  expense, 
jiroviding  that  the  advantages  gained  are  in  any  way  eomniensurate 
with  the  cost. 

France  has  long  apiireciated  this ; and  it  is  to  her  that  the  world 
owes  the  Fresnel  lens  and  many  improved  lamps  burning  successively 
Avhale,  vegetable,  and  mineral  oils.  She  has  tinally  led  the  Avay,  as 
usual,  in  the  use  of  the  electric  light,  which  has  been  deftnitely 
adopted  for  the  lighting  of  her  coasts,  after  many  expensive  and  con- 
clusive experiments ; and,  when  the  plan  has  been  fully  carried  out, 
France  can  boast  of  having  the  best  and  most  systematic  method  of 
coast-lighting  of  any  country  in  the  world. 

The  United  States  has  followed  France.  Our  optical  apparatus  has 
been  almost  exclusively  imiiorted  from  that  country.  We  use  lamps 
made  after  French  patterns,  and  noAv  are  about  to  make  experiments 
to  <letermiiR*  the  value  of  the  electric  light  for  use  in  our  light  houses. 
This  is  deemed  sufllicient  excuse  for  giving  full  details  of  the  French 
system.  The  information  has  naturally  been  mostly  obtained  from 
French  sources. 

It  was  in  that  the  electric  light  was  h)r  the  tirst  time  used  in 
light  houses.  Tlie  experiment  was  made  Avith  an  Alliance  machine  in 
the  first-order  light  house  of  La  Htn e,  near  llaAwe;  and  the  results 
Avere  so  satisfactory  that  doubtless  all  the  light-houses  Avould  have 
been  immediately  furnishod  AAuth  electric  lights,  had  it  not  l>een  for 
the  great  expense  attending  a general  alteration.  It  aaus  proved  tliat 
the  electric  light  Avas  seen  about  eight  kilometres  farther  than  the  oil 
light,  and  that  in  time  of  fog  the  range  of  the  former  light  Avas  more 
than  double  that  of  the  latter. 
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I r.  Quiiiette  de  lloclieinont,  ingenieur  des  })oiits  et  chaiissees,  pub- 
lislied  ill  1870  a lejiGrt  upon  tlie  liglit-lioiises  at  La  Hove.  Below  are 
SOI le  extraets : 

“The  electric  light  luniiig  been  installed  for  six  years  at  La  Heve, 
eic  High  time  has  elapsed  to  allow  us  to  form  au  exact  idea  of  the 
va  lie  of  this  means  of  producing  light  for  the  lighting  of  coasts. 
Sa  lors  take  pleasure  in  recognizing  the  good  services  rendered  them 
by  the  electric  light.  The  advantages  of  the  system  have  been  highly 
ap  ireciated ; the  inci(*ase  of  the  range  of  the  light  is  very  aiiimrent; 
an  1,  above  all,  in  slightly  foggy  weather,  many  ships  can  coiitiiiue 
thrir  voyage,  and  enter  tin*  j>ort  at  night,  which  they  could  not  do 
wl  en  oil  was  used.  The  light,  which  at  tirst  was  rather  unsteady, 
graduidly  acipiired  a remarkable  fixity,  thanks  to  the  improvement  of 
tln‘  apparatus  and  to  the  experience  gained  by  the  keepers.  The  fears 
wl  ich  were  at  first  entertained  regarding  the  delicacy  of  certain  parts 
of  the  apjiaratus  are  not  realized  in  ]>ractice.  The  accidents  have 
be  *11  rare,  the  extinctions  short  and  very  few,  two  only  during  this 
pe  iod  of  six  years  having  had  a notable  duration ; one,  of  au  hour, 
w;is  due  to  au  accident  to  the  steam-engine;  the  other,  of  four  hours, 
should,  it  ajipears,  be  attributed  to  malevolence.  Louder  these  cir- 
cu  nstances  it  seems  hardly  worth  while  to  worry  about  possible  acci- 
de  its.'’ 

ihiice  1803  experience  has  only  confirmed  the  favorable  views  of 
M.  Quiiiette.  The  lighthouses  of  Gris-Xez,  France;  Cape  Lizard, 
Er  gland;  Odessa,  Bussia  ; and  Port  Said,  Egypt,  have  been  provided 
wi  h electric  apparatus;  and  there  is  a question  of  placing  it  in  the 
lig  it-houses  of  Planier  and  Palmyre,  France,  and  in  several  light- 
ho  ises  ill  other  foreign  countries. 

"Tie  following  information  was  furnished  by  MM.  Sautter  and  Le- 
mc  nnier : 

“When  the  light  is  to  be  fixed,  the  optical  jiart  of  the  apparatus  is 
composed  of  a lenticular  drum  of  proiier  form,  which  renders  the 
ra;;  s horizontal  in  the  vertical  plane  while  allowing  them  to  diverge  in 
tin  horizontal  jilane.  The  dimensions  of  this  drum  vary  from  a diam- 
ettr  of  half  a metre  for  a fourth-order  light  to  one  metre  in  a first- 
ore  er  light.  This  increase  in  diameter  of  the  a]»])aratus  is  sensibly 
pre  portional  to  the  increase  in  diameter  of  the  carbon  jiencils  between 
which  the  voltaic  arc  is  ])roduced,  and  which  determines  very  nearly 
tin  dimensions  of  the  electric  light.  It  follows  from  this  that  the 
veitical  divergence  remains  the  same  in  tin!  different  types  of  ap]>a- 
ratiis.  When  the  light  is  to  be  revolving,  the  fixed  lens  is  surrounded 
by  a movable  drum  formed  of  straight  vertical  lenses  of  which  the 
for  11  varies  ac(*ording  to  the  characteristics  desired  to  be  given  to  the 
lig  It.” 

Pevolving  electric  lights  have  this  great  advantage  over  revolving 
oil  lights  : the  Hashes  can  be  given  a duration  equal  to  that  of  the 
eel  i»ses.  In  oil  lights,  when  the  light  is  concentrated  in  the  form  of 
fiaHies,  there  are  two  ends  in  view:  First,  to  augment  the  intensity. 
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and  consequently  the  range  of  the  light ; second,  to  create  an  appear- 
ance different  from  that  of  a fixed  light.  The  first  can  only  be  ob- 
tained by  giving  the  Hash  a duration  much  shorter  than  that  of  the 
eclipse;  or,  in  other  terms,  by  making  the  angle  of  the  luminous 
beam  a small  part  of  the  angle  subtended  by  the  lens.  Moreover,  this 
angle  depends  on  the  dimensions  of  the  foyer^*  and  it  can  only  be 
augmented  either  by  increasing  this  dimension  or  by  changing  the 
focal  distance  of  the  lens,  thus  losing  a jiart  of  the  light,  since  the 
divergence  is  produced  not  only  in  the  horizontal  plane,  the  only  one 
in  which  it  is  utilized  for  luolonging  the  Hashes,  but  in  every  direc- 
tion. With  the  combination  of  vertical  lenses  and  a cylindrical  drum 
which  serves  to  produce  Hashes  when  electricity  is  used,  the  divergence 
of  the  beams  can,  by  giving  the  vertical  lenses  a proper  curvature,  lie 
augmented  as  much  as  desired  in  the  horizontal  jilane,  and  the  dura- 
tion of  the  eclipses  be  diminished  in  proportion,  while  the  range  of 
the  smallest  electric  light  used  will  nevertheless  remain  much  greater 
than  that  of  the  most  powerful  oil  light. 

For  examjile:  The  luminous  intensity  of  an  annular  panel  of  45^^  of 
a first-order  rev,olving  light  with  a six- wick  lamp  equals  9,847  carcels. 
This  is  the  greatest  intensity  obtained  with  an  oil  lamp.  The  diver- 
gence of  the  beam  given  by  this  same  panel  is  7°  7',  and  the  duration 
of  the  Hash  is  about  one-sixth  part  of  the  eclipse  which  precedes  and 
follows  it. 

By  applying  the  methods  of  M.  Allard  to  the  photometric  measure- 
ments of  electric  lights,  it  is  found  that  the  luminous  intensity  of  a 
fourth-order  electric  light,  Avith  a lens  half  a metre  in  diameter,  and 
fed  by  a small-model  Gramme  machine,  equals  at  least  20,000  carcels  ; 
and  when  concentrated  by  means  of  straight  movable  lenses  in  beams 
having  a diA^ergence  such  that  the  durations  of  the  eclipses  and  Hashes 
shall  be  the  same,  its  intensity  Avill  be  equal  to  40,000  carcels ; that  is 
to  sav,  that  it  Avill  be  four  times  more  intense  than  that  of  the  most 
lioAverful  oil  lamp,  and  Avith  a much  shorter  duration  of  eclipse. 

By  means  of  electricity  such  immense  (juantities  of  light  are  i>ro- 
diiced  that  it  is  not  necessary  to  take  into  account  more  or  less  beams 
in  oilier  to  augment  the  range,  the  only  object  of  the  moA  iible  lenses 
being  to  produce  characteristic  appearances  Avhich  distinguish  clearly 
each  light-house  from  its  neighbor.  These  characteristic  ajipearances. 


'The  Frencli  word /o.t/er  iiieaus  literally  a hearth,  a place  uhere  nomeihimj  in  burnt, 
and,  in  the  sense  used  liere,  the  nonree  of  lifiht  and  heat,  the  space  occupied  hij  the  Jlanie 
of  a lamp  or  bif  the  electric  arc.  The  wo.d  is  so  nseful  that  I take  the  liberty  ol  using 
it  in  place  of  an  English  paraphrase. 
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th(  inetbod  for  producing-  them,  and  the  system  now  adopted  in 
France,  will  be  mentioned  farther  on. 

'’he  different  lights  wliich  serve  for  the  lighting  of  French  coasts  are 
dcf  igned  so  as  to  answer  the  different  needs  of  navigation;  and  their 
im  )ortance  varies  in  conse<pienee  according  to  the  role  they  are  called 
u})  m to  play,  of  which  the  most  im])ortant  is  that  of  signalling  to  nav- 
igators their  apprmich  to  land ; and  the  lights  constructed  for  this  end 
an  i)laced  in  ])reference  u])on  more  or  less  advanced  headlands  ; 
which  form,  according  to  the  ex])ression  of  M,  L.  Reynaud,  “the  angles 
of  » i)olygon  circumscribing  all  dangers.”  These  are  the  lights  Avhich 
sln  uld  have  the  greatest  luminous  ])Ower,  and  which,  therefore,  con- 
sti  ute  first-order  lights. 

Jletween  these  extreme  points  indicating  the  general  contour  of  the 
coast,  the  latter  still  ju-esents  advanced  points  which  should  become 
cei  tres  ot  lights  of  less  importance,  and  serve  to  guide  the  vessels  to 
their  harbors.  The  secondary  lights  idaced  on  these  ])oints  are  called 
second-order  lights,  and  merit  their  name,  not  only  by  their  ])Osition> 
but  also  on  account  of  the  less  power  given  to  their  optical  ai)paratus. 
Ah  mg  the  route  thus  traced  for  navigation  are  also  found  localities 
wh  ch  it  is  im])ortant  should  be  pointed  out  to  sailors;  these  are,  for 
exi  tuple,  sand-banks,  sunken  rocks,  islets,  &c.  From  these  arises  the 
necessity  of  luminous /h^er.v  of  various  intensities,  and  the  creation  of 
thi)  d,  fourth,  and  fifth  order,  and  of  even  less  powerful,  UghU,  such  as 
are  placed  in  harbors  on  the  end  of  jetties,  to  show  vessels  the  en- 
tra  ice  to  the  channel. 

1 1 addition,  among  all  the  lights  of  different  orders,  some,  placed  on 
an  island,  are  designed  to  throw  their  light  entirely  around  them; 
otli3rs,  built  on  an  advanced  promontory  or  established  on  a straight 
par  t of  the  coast,  only  send  their  rays  on  a fraction,  more  or  less  great, 
of  ihe  zone  which  surrounds  them;  finally,  others  only  have  to  light 
a d itermined  point;  hence  the  distinction  of  lights  in  lights  of  all  the 
hor  zon,  of  three-fourths  the  horizon,  of  tico-thirds  the  horizon,  &c. 

I,  ntil  ISfid  all  the  lights  of  the  French  coasts  were  furnished  with 
api  aratus  tor  oil;  and  it  was  not  until  this  epoch  that  there  was  in- 
stalled, at  one  of  the  two  lights  of  La  Hev(‘,  the  first  apparatus  for 
ligl  ting  b}'  electricity.  After  a year  and  a half  of  experiment,  the  re- 
sult having  been  most  satisfactory,  it  was  decided  to  light  in  the  same 
wa;\  the  second  light  of  La  Heve  ; and,  about  two  years  later,  the  elec- 
tric light  was  also  placed  in  the  light-house  at  Cape  Gris-Nez.  Mat- 
ters remained  in  this  condition  until  within  the  last  few  years;  and, 
whi  e England  counted  on  her  coast  six  electric  lights,  the  three  which 
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we  have  just  mentioned  were  the  only  ones  in  existence  in  France. 
L.ately,  the  reconstruction  of  the  light  house  of  Planier  having  been 
adjudged  necessary,  it  was  decided  to  use  the  electric  light  in  it ; and 
the  same  decision  was  taken  regarding  the  light-house  of  La  Palmyre, 
whose  luminous  intensity  was  recognized  as  insufficient. 

But  the  good  results  given  by  the  electric  light  at  La  Heve  and  at 
Cape  Gris-Xez  called  attention  to  the  more  general  service  it  could 
render ; and  on  the  27th  January,  1880,  after  a long  study  the  ques- 
tion, M.  Allard,  director  of  the  French  light  house  department,  pre- 
sented to  the  minister  of  public  works  an  important  report,  recom- 
mending the  general  adoi)tion,  upon  the  whole  extent  of  the  French 
coasts,  of  electric  lighting.  This  report  was  approved  on  the  4th  De- 
cember, 1880,  by  the  Conseil-General  des  Pouts  et  Chaussees ; and  the 
principle  of  electric  lighting  has  just  been  adopted  for  the  entire  ex- 
tent of  the  coast.  This  decision  was  so  iniimrtantthatit  seems  proper 
to  mention  here  the  i>rincipal  points  of  M.  Allard’s  report,  to  make 
known  the  arguments  brought  to  the  support  of  using  the  electric  light, 
and  the  results  obtained  in  various  trials,  and,  finally,  to  give  details 
of  the  electric  installations  of  this  nature  actually  in  use. 

Before  mentioning  the  considerations  in  favor  of  changing  oil  for 
electricity,  we  must  speak  a few  words  on  the  range  of  light-honses. 
The  range  is  the  distance  to  which  the  light  is  visible  at  sea  ; the  circle 
of  range  has  this  distance  as  a radius,  and  the  light  as  a centre.  The 
range  of  a light  depends  not  only  upon  the  optical  conditions  in  which 
the  light  is  placed,  but  also  upon  its  height  above  the  level  of  the  sea. 
Thus  there  is  a distinction  between  the  geographical  unige  Jind  the  lu- 
minous range ; the  latter  being  the  one  under  consideration.  It  in- 
creases with  the  transparency  of  the  atmosphere,  which  is  very  vari- 
able, and  changes  with  the  locality ; thus,  on  an  average,  it  is  much 
greater  on  the  Mediterranean  than  on  the  southwestern  coasts  of 
France,  greater  on  the  latter  than  on  the  shores  of  Brittany,  and  be- 
comes the  least  in  the  British  channel.  Moreover,  the  transparency 
varies  according  to  the  seasons ; and  there  are,  during  the  year,  a 
certain  number  of  more  or  less  foggy  days,  during  which  the  trans- 
parency of  the  air  and  the  range  of  the  light  are  both  diminished.  It 
is  impossible,  therefore,  to  fix  the  range  as  a certain  <piautity;  and  it 
is  necessary  to  establish  a mode  of  designating  the  varying  range.  To 
do  this,  observations  are  made  during  the  year  on  the  variations  of 
the  range;  the  foggiest  nights  are  then  omitted,  and  the  minimum 
range  for  the  remainder  of  the  year  represents  the  range  for  that  por- 
tion of  the  year.  If,  for  example,  thirty  nights,  or  one-twelfth  of  the 
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yet  r,  are  deducted,  aud,  during-  the  reiuaiiider  of  the  year,  the  small- 
est range  is  twelve  nautical  miles,  it  is  considered  that  the  light  uii- 
dei  cousideration  has  a range  of  twelve  miles  for  eleven-twelfths  of 
the  year.  In  short,  the  range  of  a light  during  a portion  of  a year  is 
the  distance  at  wliich  it  is  always  visible  during  that  i)ortioii. 

In  order  that  the  liglding  of  coasts  be  efficient,  it  slionhl  be  con- 
tin  ions,  so  tliat  a vessel  sailing  along  the  coast,  as  soon  as  it  passes 
the  range  of  one  light,  should  come  within  that  of  the  next ; in  other 
wo  ‘els,  the  circles  of  range  should  cut  each  other  successively.  With 
the  system  of  oil  lights  now  in  use,  this  is  iictnally  the  case,  but  only 
dining  half  the  year  j during  the  other  half  the  oil  lamps  have  not 
snf  Lcient  power.  It  will  be  very  different  when  the  electric  light  is 
nseil.  The  ranges  will  be  increased,  and  the  circles  of  ranges  will 
cut  each  other  during  eleven-twelfths  of  the  year. 

I he  accompanying  outline  map.  Fig.  1,  shows  what  would  be  the 
ran  ^e-s  if  the  electric  lights  were  used,  snpp(>sing  that  each  light  had 
a 111  ean  intensity  of  125,000  carcels.  The  dotted  lines  show  the  pres- 
ent ranges  with  oil  lamps.  When  the  electric  light  is  adopted,  the 
ran  ?e  of  the  new  lights  will  be  27.7  nautical  miles  in  the  Mediter- 
rautian  for  fourteen-fifteenths  of  the  year,  10  to  21  miles  in  the  British 
cha  mel  for  ten-twelfths  of  the  year,  and  22  to  2G.5  miles  on  the  At- 
lanl  ic  coast  for  the  same  period. 

Ii  the  increase  in  the  range,  by  using  the  electric  light,  is  a power- 
ful ionsideration  in  favor  of  this  system,  objections  may,  however, 
be  1 lade  on  the  score  of  economy.  The  repcuT  of  51.  Allard  shows 
that  the  expense  of  executing  the  entire  programme,  even  including 
the  nstallatious  of  steam-sirens,  will  not  exceed  81,000,000,  which  is 
ver;  reasonable  compared  with  the  results  obtained.  Besides,  the 
cost  of  maintenance  of  electric  lights  is  not,  as  one  might  have  sup- 
pose d,  much  greater  than  that  for  oil  lights.  Thus  the  annual  ex- 
pern- e of  a first-order  oil  light  is  about  $1,000  per  year,  while  for  each 
eleciric  light  house  at  La  Ileve  the  cost  is  $2,270,  aud  for  that  of  Cape 
Gris  ^ez  ><2,080.  It  it  is  desired  to  comj>are  the  cost  of  a unit  of 
light  for  a light-house  lit  by  oil  with  one  lit  by  electricity,  it  is  found 
that  the  former  costs  881  i)cr  unit,  while  the  latter  is  822  at  Cape 
Gris  Nez,  and  819.10  at  La  lleve. 

It  should  be  said  here  that  there  is  ouly  taken  account  of,  in  the 
above  figures,  the  light  of  the  foyer  itself,  independently  of  the  opti- 
cal tppaiatus,  which,  by  concentrating  the  rays,  augments  the  in- 
tensity veri  considerably. 

Tlie  number  of  electric  lights  comi)rised  in  the  project  is  forty-six, 
coun  ing  as  two  the  double  lights  of  La  Ileve,  of  La  Canche,  aud  of 
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Hoiirtin.  Of  this  uumber  there  are  thirty-eight  of  the  first  order,  two 
of  the  second  order,  five  of  the  third  order,  and  a new  one  to  be  placed 
at  the  soutli  of  Paiinpol.  Four  of  these  lights  are  already,  or  are 
about  to  be,  lighted  electrically. 

As  to  the  distribution  of  the  lights,  it  is  easy  to  follow  it  upon  the 
map,  (Fig.  1.)  Almost  everywhere  the  circles  of  ranges  cut  each 
other,  and  wliere  there  is  a gap  it  will  be  filled  with  an  oil  light. 
This  map  also  gives  the  distinctive  characteristics  of  the  different 
lights,  and  this  is  a most  imi>ortant  point  to  be  considered. 

In  a good  system  of  coast-lights,  the  neighboring  lights  should  have 
very  distinctive  characteristics,  in  order  to  avoid  all  possible  confu- 
sion, In  the  existing  system,  these  conditions  obtain,  and  the  first 
idea  which  naturally  i)resented  itself  was  to  retain  the  old  character- 
istics, simply  substituting  the  electric  for  the  oil  light,  so  that  there 
would  be  no  change  from  that  to  which  sailors  were  accustomed;  but 
the  existing  characteristics  are,  in  some  ways,  inconvenient,  and  it 
has  been  decided  to  replace  them  by  others,  which,  by  making  the 
lights  more  easy  to  be  distinguished,  will,  besides,  increase  the  range. 

The  present  characteristics  are  as  follows : 

1.  A single  fixed  light. 


2.  A double  fixed  light. 


3.  An  eclipsed  light,  with  tiashes  every  half  minute. 

4.  An  eclipsed  light,  with  flashes  every  minute. 

5.  A fixed  light  varied  by  flashes  every  four  minutes. 

G.  A fixed  light  varied  bv  red  flashes  everv  four  minutes. 

7.  A light  with  alternate  red  and  white  flashes. 

Fixed  lights  are  obtained  with  a Fresnel  apparatus  with  cylindrical 
lenses ; the  double  fixed  light,  by  two  lights  situated  at  such  a dis- 
tance that  they  can  easily  be  distinguished  from  each  other,  but  still 
appear  to  form  a pair.  Fixed  lights  will  eventually  disappear,  be- 
cause they  have  a less  range  thaii  flashing  lights,  and  also  are  liable 
to  be  confounded  with  other  fixed  lights  not  belonging  to  a system  of 
coast-lighting. 

Flashing  lights  are  obtained  by  means  of  optical  apparatus  having 
generally  eight  faces.  Each  face  comi>rises,  first,  a lens  of  the  same 
width  as  the  face,  then,  above  and  below,  portions  of  rings  having  as 
a common  centre  the  centre  of  the  lens.  The  ai)paratus  thus  gives 
rise  to  eight  beams  of  light,  separated  by  dark  intervals,  and  when 
it  is  turned  the  navigator  sees  alternately  a flash  and  an  eclipse.  The 
intervals  between  the  flashes  de])end  upon  the  rapidity  of  rotation. 
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This  lij>ht  has  the  iiieonvenieiiee of  reiiiiirin^- sustained  attention,  and 
the  consnltinji' of  n tiine-pieee  to  tell  the  length  of  the  interval.  It 
sho  dd  be  supjn-essed. 

The  tixed  lijfhts  varied  by  Hashes  are  obtained  by  means  of  an 
api  aratns  for  a tixed  light  around  which  turn  two  or  three  vertical 
lenses  which  give  Hashes,  either  white  or  red,  or  alternately  white  or 
red  at  intervals  of  some  minutes.  These  slowly  revolving  lights  have 
the  same  fault  as  the  ])ieceding,  ami  will  also  eventually  disap])ear. 

Tlie  characteristic  which  will  be  generally  adopted  is  that  of  a scin- 
tilh  thifi  light.  To  prodii(*e  it,  a Hxed-light  api)aratns  is  emi)loyed, 
aro  ind  which  revolves  a drum  of  lenses,  ])laced  vertically,  composed 
of  straight  glass  bars  of  lenticular  cross-section ; each  of  these  concen- 
traies  the  horizontal  rays,  and  conse(]uently  ]n-odnces  a Hash.  Dur- 
ing a rotation,  if  all  the  lenses  are  alike,  the  navigator  will  see  a series 
of  t«pial  white  Hashes,  producing  a scintillating  light.  If  the  vertical 
• lenaes  are  alternately  red  and  white,  there  Avill  be  alternately  a red 
am  a white  Hash,  and  a compound  red-and-white  scintillating  light  will 
result.  In  the  same  way,  by  placing  the  lenses  in  groups,  there  can 
be  Avo,  three,  four,  or  more  white  Hashes,  followed  by  a red  one.  It 
should  be  remarked,  that,  in  this  case,  as  the  red  color  diminishes  the 
Inn  inons  intensity,  the  re<l  lens  should  have  larger  dimensions  to 
compensate  for  this  loss;  as  this  causes  a loss  of  light,  M.  Allard  pre- 
fers, ill  most  cases,  to  separate  the  group  of  white  Hashes  simply  by 
an  ibscure  interval.  This  is  obtained  by  a simple  luodiHcation  in  the 
form  of  the  vertical  lenses.  There  are  thus  the  following  eight  char- 
act  u'istics : 

1 White  scintillating  light. 

2 Light  with  alternate  red  and  white  Haslies. 

3 Light  with  two  white  Hashes  and  one  red  successively. 

4,  Light  with  three  white  Hashes  and  one  red  successively. 

5 Light  with  four  white  Hashes  and  one  red  successively. 

0 Light  with  two  white  Hashes,  with  intervals  of  obscurity. 

7 Light  with  three  white  Hashes,  with  int<*rvals  of  obscurity. 

8.  Light  with  four  white  Hashes,  with  intervals  of  obscurity. 

T hese  are  the  only  characteristics  which  have  been  deHnitely  adopted 
Tin  y have  the  advantage  of  being  readily  recognized  without  consult- 
ing a time-piece. 

The  Serrin  regulator,  arranged  for  alternating  currents,  has  been 
aik  pted  as  the  standard  lamp.  Xo  other  apparatus  has  given  better 
results.  Especially  with  alternating  currents,  its  working  is  excel- 
len  , because  the  armature  of  the  electro-maguet  detaches  itself  very 
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easily;  and  besides,  as  the  consumption  of  both  carbons  is  uniform, 
the  arc  remains  absolutely  fixed. 

The  machines  for  generating  the  current  have  been  of  late  years 
the  snbject  of  attentive  study,  which  has  been  unfortunately  confined 
to  three  types,  the  Alliance,  Gramme,  and  De  Meritens.  The  luminous 
intensities  of  each  of  these  machines  have  been  measured  under  care- 
fully-arranged conditions,  riiotometric  measurements  in  such  cases 
are  rather  delicate.  To  make  them,  since  the  intensity  varies  in  the 
vertical  direction  with  ditterent  heights,  a movable  mirror  is  used, 
which  is  idaced  at  difi'ereut  heights  in  the  same  vertical  plane,  and 
which,  in  each  i)osition,  throws  the  rays  on  the  photometer ; and  thus 
the  average  intensities  could  be  obtained.  But,  as  the  inteusitj*  of  the 
electric  light  constnntly  varies,  it  was  necessary  to  make  the  observa- 
tions at  one-minute  intervals  for  each  ])osition  of  the  mirror.  It  is 
not  necessary  here  to  go  into  the  details  of  construction  of  the  differ- 
ent machines;  the  table  below  gives  the  results  obtained. 


Hur.se-power. 


Luminous  in- 
tensity. 


MACHINES. 


Alliance ...  . 
Gramme  Xo.  1 
“ Xo. 
Xo.  3 
De  Mei  iteiw . . 


pm 

mm 

X 

7 X 

^ s 
? •: 

X r X 

Total. 

X -• 

^ mm 

A ^ 

mm  ^ 
A 

w 

? X 

Carcels. 

450 

5. 18 

4.  62 

275 

59.5 

550 

1-2.  04 

11.48 

1,010 

88.5 

600 

6.  01 

.5.  45 

493  i 

90.0 

080 

7.  06 

4.20 

342'| 

81.  4 

790 

K 06 

7.50 

536 

84.8 

It  will  be  seen  that  the  Alliance  machine  gives  a fiir  less  intensity 
per  horse  power  than  the  two  others,  which  are  approximatelj'  ecpial. 
The  De  Meritens  has  certain  characteristics  of  stability  and  solidity 
which  the  Gramme  machine  does  not  i^ossess ; it  was,  besides,  pre- 
ferred to  use  alteruating  currents.  For  these  reasons  it  has  been 
adopted,  and  will  be  installed  in  all  the  new  light  houses. 

The  figures  giving  the  intensity  in  the  preceding  table  refer  to  the 
naked  light.  When  this  is  placed  in  a fixed-light  ai)paratus,  these 
intensities  become  in  round  numbers,  12,000  carcels  with  the  Alliance, 
and  20,000  carcels  with  the  Gramme  No.  2.  The  Hashes  increase  the 
intensity  still  more.  In  a scintillating  light  with  red  and  white  Hashes 
there  is  an  intensity  of  00,000  carcels  with  the  Alliance,  and  110,000 
carcels  with  the  Gramme  machine ; with  a scintillating  light  with 
groups  of  white  Hashes,  00,000  carcels  for  the  former,  and  150,000 
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car  i6Ls  with  the  latter.  The  intensities  with  tlie  I)e  Meritens  machine 
are  about  the  same  as  with  the  Gramme;  ami  12.'5,000  carcels  may  be 
taken  as  the  average  intensity  wlien  the  electric  light  is  used. 

Same  details  will  now  be  given  of  the  installations  actually  exist- 
ing and  of  those  in  process  of  construction  ; especially  describing  the 
ligl  ts  of  La  Heve,  the  first  in  date  to  be  electrically  lighted,  and  the 
Plainer  liglit,  whose  installation  has  just  been  completed. 

The  lights  of  La  Heve,  situated  on  tlie  ca])e  of  this  name  and  on  the 
toi»  of  the  cliff,  are,  from  this  fact,  very  elevated  ; so  the  tOAvers  them- 
seb  es  are  not  of  great  height.  Both  towers  are  scpiare,  and  are  placed 
about  sixty  metres  apart;  between  them  being  the  long  building  con- 
taii  ing  the  steani-jiower,  generators,  and  (piarters  for  the  keepers. 

Tliere  are  four  Alliance  machines,  two  for  each  light.  Tlie  two 
on  he  left  supiily  the  left-hand  tower,  and  the  two  on  the  right  the 
tower  on  the  right-hand.  The  conductors  leading  the  current  from 


the  genertitor  are,  first,  thick  cotiper  rods  connected  with  the  comniu- 
tatof.  Fig.  2.  The  rod  A communicates  with  the  two  similar  jioles  of 
the  Dwo  machines,  the  rods  B and  W being  connected  to  the  ojiiiosite 
polts.  Ordinarily  one  machine  su})plies  each  light.  Thus  the  current 
arri  res  by  A,  and,  without  traversing  the  commutator,  goes  1)y  the 
cable  to  the  regulator,  (or  lamp;)  thence  it  returns  by  the  second  wire 
of  t le  same  cable  to  X,  follows  the  A’ertical  conductor  to  P,  and  re- 
turi  s to  the  machine  by  the  rod  B.  If  it  is  desired  to  use  the  machine 
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correspou.ling  to  the  rod  B',  the  central  handle  is  turned,  thus  Ining. 
h,..'  the  plate  I)  in  contact  xvith  P'  instea.l  of  P,  reta.n.ng  alu  ajs  the 
cc^.tact  at  X.  In  this  case  the  current  arrives,  as 
to  the  regulator,  returns  again,  hut  passes  this  time  from  > to  I , .md 

thence  to  the  machine  by  B'. 

II,  foul  iveather,  or  whenever  it  is  necessary  to  increase  the  luiii  n- 
„us  intensitv,  both  inachines  are  coupled  in  quantity.  The  coiiiinnta- 
tor  is  then  ‘turned  until  the  plates  E and  E'  are  in  cmitact-the  one 
with  P'  and  V,  the  other  with  P and  K ; the  return  current  riowiiig 

simultaneously  by  B and  P»'. 

The  tower  of  each  light  is  snrnioiiiited  by  a square  structme,  at  one 
„f  the  angles  of  which  is  the  optical  apparatus.  This  is  clearly  shown 
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Fig.  3. 

ill  Fig.  3.  A kind  of  glass  drum  closes  the  oi.en  angle  of  this  struct- 
ure, which  is  in  two  stories,  in  each  of  which  is  a distinct  optical  ap- 
paratns.  The  intention  of  this  arrangement  is  to  allow  one  optical 
apparatus  to  be  instantly  replaced  by  the  other,  in  order  to  avoid  to- 
tal  extinction  in  case  of  accident.  In  each  .story  there  are  two  regu- 
lators.  which  can  be  substituted  for  each  other  by  means  of  the  crossed 
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rails  sliuwii  in  Fiji'.  -1.  Tin*  cable  with  tlir«*c  coinluctors  leadinji’  IVoin 
the  eoimimtator,  previously  (leseril)ed,  arrives  at  tln^  lower  story.  ( )ne 
of  the  eondnetors  (A)  is  coiineete<l  to  the  metal  ]»latlbrm  earryin.u  the 
rails,  also  metallic:  the  conductor  1>  conu(*cts  with  the  sliding;-  rod  of 
the  h»n.ff  bolt  M T.  AVheii  this  bolt  is  lowered,  it  connects  tin*  conductor 
1>  with  a wire  .u'oinji  from  the  bottom  staple  of  the  bolt  to  a s]»rin<4 
contact  under  the  lain]*.  The  latter  receives  the  enrrent.  partly  by 
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Fig.  4. 

tin*  rails,  partly  by  the  contact  underie-ath.  Tlic  wire  l‘>  <‘ommuni- 
cates  with  a smaller  bolt  slidin^y  at  the  same  time  with  'f.  and  whose 
lower  stajde  is  connected  to  the  wire  comin<i'  from  the  stajde  ot  flu* 
laryer  bolt,  so  that,  wlum  the  current  passes  by  15'.  it  always  traverses 
the  lam]),  and,  when  tln^  two  machiiM‘s  ai‘<*  at  work  to.yetlu'r,  the  two 
currents  ai'e  united  by  the  connection  between  tin*  two  sta])les.  The 
upper  staples  are  conn(*ct(*d  in  the  saim*  way  to  the  a])])aratns  in  the 
S(*cond  story;  and.  whmi  tin*  bolts  are  raised,  the  u])])er  lamp  is  lijfhted. 

Tht‘  re;;nlators  can  thus  be  chan,u'(*d  in  two  ways,  either  by  drawing 
the  lam})  at  work  back  on  the  rails,  and  <piickly  ])ushing  the  other  one 
in  its  ])lace,  or  by  manijndating  tin*  commutator  bolt,  which  shifts  the 
luminous  arc  from  one  storv  to  the  other.  Since  tlu‘  establishment  of 
the  lights  at  La  Ileve,  the  latt(u-  means  havi'  been  found  supertluous, 
and  will  no  longer  be  em])loyed. 


I'ig.  d u’ives  the  details  of  the  smiimit  of  the  tower,  and  fig.  d those 
i)f  the  optical  apparatus.  In  tin*  latter  lignre  arc  shown  tluMixeil- 
light  apparatus,  and,  movable  around  it.  t he  ilrum.  with  vertical  lenses. 
Tin*  mechanism  for  di  iv  iiig  the  latter  is  giv(*n  in  considerable  detail. 

In  this  a I )pa  rat  us  tin*  clia  nging  of  tin*  r(*gulators  is  elb*cted  by  means 
of  a syst(*m  of  two  ])airs  of  rails:  but  they  an*  not  j)lace<l  at  an  acute 
angle*,  as  at  La  llevi*.  Oin*  entei-s  direct  into  tin*  optical  a])])aratus: 
the  otln*r  is  ])laced  outside*,  and  at  right  angie*s  to  the*  tirst.  ^Vt  tln*ii' 
iunction  is  a turn-table:  and.  with  this  arrangeiin*nt.  the*  mainenvre* 
e)f  e'hanging  the*  lam])s  takes  no  longe*r  than  with  obliepie*  rails. 

The  1 >e  iMeritens  mae*hine*s.  whie-h  teeel  the  re*gulator.  are  jelae'eel  in 
a s])ecial  Imihling.  The*  plan  anil  e*ie*vation  of  this  building,  which 
will  serve*  as  a ty|)e*  for  those  installeel  at  most  ol  the  light-honses.  is 
shown  in  7. 


The  light  ed’  l’lanie*r,  whie-h  has  just  been  tinished,  is  abemt  eight 
uautii'al  mile*s  from  tin*  ])ort  of  Marse*ille*s,  n])oii  a roe*k.  It  is  a towe*r 
sixty  metre*s  high,  and  i*ightee*n  metre's  in  eliameterat  theba.se*.  which 

ni!  till'  itstOf. 
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Tlu‘  is  a full  horizon  lijilit.  Its  characteristic  is  that  of  three 

\vhit(‘  Hashes  sc]»arat(‘(l  hy  a red  Hash.  Its  raii.ne,  like  that  of  all  the 

iie\\’ li,:uhts  ill  the  M(‘(literraiieaii,  ' ^ it ~::^z:znr^  ~~ 

is  tw«*ury-s(*veiMiautieal  miles  for  i-  - “1  ^ ~Tff 

tdurteeii-tiftmmths  of  the  V(‘ar.  ||  ./  i 11 

\V(*  ha\(*  mmilioiu'd  that  the  Ijj/  || 

transformation  of  tin*  Palmyrt'  I iiy^  ' | 

li.U'ht  is  also  in  ]»ro,i:ress.  This,  |.z| r~|~^ \| 

unlike  tin*  IMaiiier,  will  throw  a ||y  ' ! 

beam  in  om*  <lireetioii  only:  and  j I 

the  arranii'ement  of  tin*  lantern  is  1'^  J 

thm'efore  slightly  ditfm'cnt.  It  is  iiy^'l ~ 7 1 

slmwn  in  l’i<i'.  S.  'fhe  ^'eiieral  dis- 

position  r(‘scmbh‘s.  nji  to  a em'tain  | \ ^ 1 

point,  that  of  La  llo\e.  The  oji-  ||  \ ' I 

tieal  apparatus  for  tin*  tu‘w  lixml 

li.nhts  will  hav<‘  a diaimTer  of  O.H  ' ; ' M 

in(*t..  instead  of0..‘), as  was  foriiHM'ly  - ...  i- : ^ 

ein})loyed.  With  the  revolvin<y 

cylinder  of  vinhieal  lenses,  this  <li- 

.unefer  will  reach  0.7  nu‘t.  ,L 

Astln*eh‘etrie  installation  at  the  ^ iw, 

I*/ 

y ( ■"  jl 

and  most  complete,  some  further  V ^ 

details  of  its  arranj^ennmt  will  la*,  , : i 

of  interr'st.  Tin*  plan  (Fi^-.  7)  U ||-p 

shows  ehmrly  th<‘  jmsition  of  tin*,  fjlliL I 

two  ^-mn'rators  and  of  tin*  trans-  q|  iL-IgsJ 

mission-shaftiim-  which  sets  them  , T i. 


L«i-  ' I 


.-J 


in  motion. 
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Loth  generators  are  ])laeed  ii]»on 
the  same  masonry  foundation, and  * 

their  axt‘s  are  in  the  same*  line.  In  order,  how<‘ver.  that  one  may  be 
laaidy  to  replace*  tin*  other  in  ease*  e>f  ae'e‘iele*nt.  the*ir  shafts  are*  keyed 
to<;'e‘the*r,  and  the*y  both  tniai.  the  one*  with  an  o))e*n,  the  othe*r  with  a 
‘lose*d  e-irenit.  I>e*twe*e*n  the  two  maehine*sisa  short  e'olnmn  (shown  in 
Fi^'s.  0 ami  10)  which  sii]>ports  the*  >;niele*s  for  ehan*i’in_u' the  be*lts  freun 
he  loeese*  te>  the  tixe*d  pnlh*ys, 

I'hu'h  machine  is  divieled  into  two  e*ire*nits,  shown  by  four  terminals 
(tlaeed  at  the  np]»e*r  part  e>f  the  frame*,  two  at  e*ae*h  end.  The*  twe>  ter- 
minals plaeeel  besiile  each  othe*r  at  e*ae.*h  end  of  the  mae*hine  are*  those 
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which  at  a given  instant  feerm  i>oles  of  the  same  name.  From  each  of 
them  is  led  a cop]>er  conelnctor  to  the  foot  e>f  the  machine ; thence, 
along  the  masonry  fonnelation,  it  follows  aleing  the  ground,  (as  shown 
in  Figs  0 and  10,)  anel  arrives  at  a e'ennmntaten*  jelaced  on  the  masonry 


. — Kn^iiu'  ami  lioihM'  house.  8. — Klectrit*  gem*rator  room.  F. — Forge  and  lieavy 
repair-shop,  d. — Shop  for  light  repairs.  I). — Coal  (le[»or,  Avith  water-tank  un- 
derueath.  c, — Water-tank.  V. — Vestibule. 


eolnmn,  which  forms  e)ne*  support  e>f  the*  shafting.  One  e)bjee*t  e»f  the 
commutate)!*  is  tee  take  the  current  at  will  from  either  machine  ; aneether 
is  te)  coi!})le,  either  in  tension  or  e|iiantity,  the*  twee  circuits  e>f  each 
macliine.  The  Ibnr  peessible  condeinatieeiis  of  the  cennmutator  are 
shown  in  Fig.  11.  An  examinatieni  e>f  this  tignre*  shows  that  the  aji- 
paratns  eeensists  e>f  tixeel  and  movable  e‘e>ntae*ts  arrangeel  in  a eire*le. 
The  first  are  fourteen  in  nnmbe*r.  The  feeiir  een  the  left  are  in  relatieen 
with  the  terminals  1,  2,  3,  4,  freeni  w'hie*h  are  leel  the  comlncteeis  of  the 
machine  een  the  left,  or  machine  >ie).  1.  The  tour  een  the  right  are  con- 
nected with  the  terminals  corresponding  with  the  eondiicttirs  of  ma- 
chine No.  2.  The  three  upper  contact  pieces  are  attached  to  the  ter- 
miuals  communicating  with  the  conductors  of  the  lamp. 
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It  should  he  said  that  the  euiTeiit  reaelu-s  the  lamp  by  a large  cable, 
Iheii,  Jifter  traversiug  the  an*,  is  divided  between  two  smaller  cables. 


11  oiie^of  Avhicli  is  [daced  the  electro-magnet  of  the  lamp.  01  the 
hree  upper  contacts,  that  of  the  left  communicates  with  the  terminal 
E,  to  which  is  connected  the  cable  of  the  electro-magnet  just  men- 
:ioned ; the  next  belongs  to  the  terminal  P C,  of  the  second  small 
3able;  finally,  the  right  contact,  twice  as  large  as  the  others,  is  in 
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communication  with  terminal  G C,  of  the  large  cable.  This  system  of 
fixed  contacts  is  completed  below  by  three  jiieces,  the  centre  one 
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having  double  the  length  of  the  others.  The  side  ]»ieccs  communicate 
by  means  of  auxiliary  conductors — that  on  the  left  witli  the  contact 
])iece  of  the  terminal  E,  that  on  the  right  with  the  contact  piece  of 
the  terminal  G G. 

The  movable  contacts  to  the  number  of  eight  are  shown  in  the 
figure.  They  are  all  carried  on  one  plate,  free  to  move  around  the 
centre  of  the  a])])aratus.  The  two  innermost  contacts  are  connected 
together  so  as  to  form  a sort  of  U ; the  next  jmir  forms  a larger  U ; 
and  the  four  others  are  connected,  two  and  two,  by  circular  stri])s. 
The  different  pairs  of  contacts  are,  of  course,  insulated  from  each 


I 


otlier.  A liaiidle  in  the  eeiitre  of  the  movalile  plate  serves  to  ])laee  it 
ill  'litfereiit  iiositioiis. 
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Siijipose,  for  example,  that  the  movable  eoiitaers  are  in  the  lirst 
]io!  ition  shown  in  tin*  liji'nre  for  (inantity.  'I'he  terminals  1 ami  L*  bo- 
inj.  at  the  same  instant,  poles  of  the  same  name,  the  eiirrent  entei-s 
sin  nltaneonsly  by  the  two  movable  eontaets  eorrespomlinj;’  to  these 
terminals,  and  passes  at  tin*  same  time  into  the  small  eabh*  and  the 
eal  le  in  whieh  is  the  eleeti'o-ma.unet.  After  ]»assini:'  the  earbons.  it  is 
rei  nit(*d  in  om*  eondnetor.  and  returns  by  the  larii'e  eabh*  to  the  ter- 
mi  ml  G ('.  On  the  lixed  eontaet  of  donblo  size,  in  (‘onin*etion  with 
thi-5  t«*rminal,  rt*st  tln^  two  movalile  eontaets  by  whi(*h  tin*  eurrent  re- 
tnins  to  the  terminals  d and  4. 

I n eon]din,u' for  tension  in  tin*  same  maehine,  tin*  eurrent,  h*aviii!H' 
tin  tirst  eirenit  of  the  machine  by  the  terminal  1,  traverses  the  most 
opi*n  [lair  of  movable  eontaets,  and  arrives  .it  one  of  tin*  lower  tix»*d 
eoi  taets  by  means  of  the  conductor  auxiliary  to  the  contact  (1  ('.  It 
tin  11  follows  the  larj^e  cable,  ]»asses  throuj;h  the  carbons,  and  only 
tni  verses  the  small  ealile  of  the  eleetro-maunet  to  arrive  at  the  ter- 
mi  lal  E:  thence,  by  the  seeoinl  auxiliary  conductor,  to  the  smallest 


pair  of  movable  contacts  and  terminal  4.  It  then  tra\(*rs(*s  tin*  se<*- 
ond  cirmiit  of  the  machine,  and  returns  to  the  terminal  d.  Alterwards, 
by  the  second  ]»air  of  movable  contacts,  it  arrives  at  the  lar<ie,  lower, 
fixed  contact,  from  which  it  is  conduct(*d  by  the  third  j»air  of  movable 
contacts  to  the  terminal  d;  that  is  to  say,  to  the  tirst  circuit  of  the 
machine. 

In  examining’  the  jmsitions  of  tin*  movable  contacts  shown  for  coup- 
ling’ machiin*  ]So.  d for  t<*nsion  or  (piantity.  it  will  be  se(*n  that  the 
direction  of  tin*  cnrr(*nts  is  similar. 
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Fi^’.  Id  |Lii\'(*s  a iM*rspecti v(*  \ i<*w  of  this  commutator.  Tin*  contacts 
are  covi*red  with  an  ebonite  jilate,  thronjih  which  ]»assi*s  the  handle 
for  manijmlatiiifi’  the  movabh*  ]ilat(*.  This  (*1>onite  jtlate  bears  four 
inscriptions,  corr(*s]>ondin,ii'  to  tin*  dilfercnt  combinations  of  tin*  com- 
mutator: and  an  index  mo\  injz’  with  tin*  handh*  indicat(*s  tin*  combin- 
ation in  ns(*. 

Tin*  syst(*m  has  tin*  aih'anta.u’i*  of  chan.ein.u’  instantly  the  <i’roni>in,u' 
of  tin*  two  circuits  of  tin*  sann*  machine,  and  of  quickly  substituting' 
oin*  machine  for  the  otln*r.  It  has.  how(*\'er,  the  drawback,  common 
to  all  tnrnin.u'-contacts.  of  not  beiiqu’  absolutely  I'cliabh*. 

In  tin*  Fnii’lish  li.u'ht-honses,  for  which  the  I )«*  Meritens  niachiin*  has 
also  b(*en  ado})ted,  anotln*r  style  of  commutator  is  ns(*d.  as  show  n in 
Id.  In  this  arraiqii'(*ment,  tin*  terminals  to  which  tin*  conductors 
from  the  lain])  and  thosi*  from  the  two  machines  are  connect«*d  have 
practically  the  same  relative  jmsitions  as  in  the  iirevious  case.  From 
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spol  to  tlie  Innip-cable.s;  and  to  facilitate  this  coupling',  the  lock- 
ing- >icccs  are  more  t>r  less  raised,  so  that  the  strijts  may  cross  each 
other  without  touching.  In  this  way  perfect  contacts  are  obtained; 
but  i longer  time  is  reipured  to  change  the  combinations.  Fig.  13 
sho\  s the  connections  when  machine  No.  2 is  couphul  for  ipiantity. 
Fig.  14  allows  the  ditference  in  height  of  the  locking  i)ieces  to  be  seen, 
and  shows  how  machine  No.  1 is  couiiled  for  quantity. 

The  metallic  rails  upon  which  the  regulatoi  rests  have  already  lieen 
described.  These  rails  are  in  direct  communication  with  the  large 
cabl and  it  is  by  them  that  the  current  arrives  at  the  frame  of  the 
regulator,  and  thence  reaches  the  carbons.  The  cable  of  the  electro' 
magnet  and  the  small  cable  are  attachtsl  to  two  terminals  (II  and  II, 
Fig.  b>)  with  insulated  springs.  These  s[>rings,  ]>ressing  on  two  con- 
tact!. under  the  lanq),  make  the  appropriate  connections. 

Tlie  regulator  itself  is  a (uimbination  of  the  Serriu  and  Berjot 
lam])S.  It  comi»rises  the  two  electro-magnets  of  the  latter  lamp,  the 


theS'*  terminals  pass  stout  copper  stri[>s,  which  can  Ite  clamped  by 
bind ;ug-screws  bearing  the  same  numbers  as  the  terminals.  The 
lock  ng-])ieces  in  connection  Avith  the  terminals  of  the  machine  can 
be  c ninected  by  thick  coi>per  strips  by  the  binding-screws  corre- 


armatnres  ot  wincn  torm  an  iniermu  core,  one  magimi  jui 
wire,  and  placed  direct  in  the  circuit;  the  other  having  lii 
mounted  in  a derived  current.  The  former  acts  on  the 
frame  carrying  tin*  lower  carbon  : the  latter  acts  on  the 
controlling  the  clock-work. 

Fig.  15  shows  at  S the  electro-magnet  with  coar.se  win 
the  arm  Q,  on  the  frame.  K and  R'  are  the  si)rings  whi 
raise  this  frame.  L is  the  lever  which  .serves  to  regulate 
of  the  spring  R;  it  is  controlled  by  a screw,  V,  which  ca 
by  imserting  a key  at  the  hole  O.  The  magnet  with  tine  wi 
svmmetricallv  with  tin*  othei*  on  tin*  opi)osite  side  of  the 
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I Avlieel  oil  till*  axis  of  tlio  luime  iiiov(*r  for  a ^^reat  jiart  of 
mMico.  The  turiiin<4'  of  this  wlieel  is  thus  ]>ro(luee(l  in  a 


very  <ertain  iiianiicr.  The  rod  g slides  in  the  tube  1)  fastened  to  the 
movable  frame,  and  this  tube  is  slit  vt*rtieally  to  allow  the  attachment 
ot  tlu  ribbon  t<»  i»ass.  This  manner  of  conneetin^’  the  two  carbons, 
which  rej)laces  the  chain  used  by  Serrin,  and  does  away  with  the  use 
ot  ral chet-wh(*(‘ls,  allows  the  carbons  to  be  ]>lace<l  at  any  desired 
heijiiii  by  a slight  slidino-  of  tin*  I'ibbon. 

Am  ther  ])ecnliarity  of  this  lamp  is  the  mode  of  connecting'  the 
ditleri  nt  int(*rior  parts  of  the  apjiarafus.  Tin*  current  of  the  larii'c 


cable  arrives  at  the  iqiper  carbons  by  tlie  rails  and  uninsulated  ])<»r- 
tions  of  the  regulator.  From  the  lower  carbon  it  returns  to  the  two 
insulated  terminals  II  and  IF,  iiassing  to  one  by  the  movable  frame, 
and  to  the  otlier  through  the  electro-magiiet  S.  The  connections  1m*- 
twcen  the  contacts  are  made  with  four  thick  s])irals  of  nickel-]dated 
co]))K*r.  Two  are  shown  at  M and  X. 

The  tube  I ),  which  carri(*s  the  rod  //,  is  not  insulated  from  tin*  frame  : 
but  the  latter  is  insulated  from  the  u])right  which  supports  it.  This 
is  on  account  of  easi*  of  (*onstruction,  it  being  less  ditliciilt  to  insulate 
a straight  ]»iece  than  a round  tube  like  1).  ^Vn  air-pum)*.  T,  s(*rv<*s  to 
check  the  motions  of  the  frann*,  and  to  ]»revent  too  rapid  oscillations. 
Tin*  iHU-oiis  plate  V is  ]daced  opposite  the  ends  of  tin*  carbons,  to  iiro- 
tect  the  rtals  t and  / from  the  excessive  heat  of  the  foyer.  It  is  com- 
])osed  of  tin*  same*  material  as  the  ]M)rous  vases  used  in  batteries. 
When  theup]>er  i*arbon  rml  arrives  at  tin*  (*nd  of  its  course,  it  acts  cm 
a bevelled  jdeci*,  Avhich  fie<*s  a contact-spring,  and  su])i»res,ses  the 
communication  with  the  tiin*  win*  magm*t,  so  that  it  may  not  lu*  in- 
jured by  the  jiassage  of  too  strong  a cum'iit. 

It  onlv  remains  now  to  describi*  the  De  ^Meritens  machine  to  com 
« 

]d<*te  the  descriidion  of  tin*  (*h*ctric  ai»idiances  for  light  houses. 

l\r.  I)«*  Meritens  has  devised  se\a*ral  ty))es  of  machines.  The  oin* 
adant(*d  for  liiiht-housi*  i»ui'oos(*s,  shown  in  Fig  Id.  has  tin*  iM*rmain*nt 
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nij  of  lioi-vseslioe  form  arranged  radially  around  the  axis  in  a pre- 

cisely similar  manner  to  the  <lisposition  of  the  lield-magnets  of  the  old 
Allianee  machine,  which  in  general  ai)pearanee  it  at  first  sight  much 
reoembles. 


Fig.  17. 


Fig.  17  is  a transverse  section  of  the  machine,  and  Fig.  18  a longi- 
tu  linal  section  taken  through  the  axis,  so  as  to  show,  in  both  views, 
the  armature-ring,  and  the  position  of  the  lield-magnets  with  respect 
to  it. 

"igs.  10, 20,  and  21  show  the  details  of  the  armature-bobbins,  marked 
II.  the  iron  core-])ieces,  li  h,  and  the  projecting  pole-pieces,  which  form 
en  arged  ends  to  the  latter,  and  are  marked  g.  In  Fig.  10,  which  rep- 
re.‘  ents  a section  through  half  the  ring,  the  method  of  attachment  and 
of  coupling  up  is  clearly  shown.  On  refermice  to  Fig.  17,  it  will  be 
seen  that  each  armature-ring,  G,  is  built  uj>  of  sixteen  flattened  oval 
bo  (bins,  II,  separated  from  one  another  by  the  projecting  pole-pieces, 
g ; and  around  each  ring  are  flxed,  radially  to  the  frame  of  the  ma- 
ch  lie,  eight  very  powerfully  com iioiind  permanent  magnets,  each  com- 
po  >ed  of  eight  lamime  of  steel.  The  distance  ajiart  of  the  two  limbs 
of  iach  magnet,  as  well  as  the  distance  between  the  north  pole  of  one 
im  gnet  and  the  south  pole  of  the  next,  is  jirecisely  eiiiial  to  the  dis- 
tal ce  apart,  or  pitch  around  the  armature,  of  the  pole-pieces  and  the 
coils.  The  details  of  the  magnets,  and  their  method  of  adjustment 
an  I attachment,  are  shown  in  Figs.  22  and  23.  Each  magnet  is  built 
111*  of  eight  lamime  of  steel,  each  ten  mm.  in  thickness,  and  held 
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together  tightly  by  the  bolts  and  nuts,  c d,  the  whole  being  attached 
to  the  brass  frames,  F,  which  are  fixed  to  the  training  ot  the  inachiiie 
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Fig.  18. 


ill  radial  slides,  by  which  the  distance  from  the  armature-ring  can  be 
adjusted  with  great  accuracy.  The  total  weight  of  the  forty  magnets 
(see  Fig.  10)  is  about  one  ton. 


Fig.  '20. 
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Fig.  21. 


The  currents  from  the  five  armatures  are  brought  together  in  two 
groups,  to  the  four  brass  collecting-disks,  /,  which  are  mounted  in 
pairs  on  an  insulated  bush,  j,  flxed  to  the  principal  shaft  ot  the 
machine.  The  details  of  the  collecting  apparatus  are  shown  in  Figs. 
24,  25,  and  20.  Against  the  disks  i are  pressed,  by  means  of  springs, 
the  four  collecting  plates  or  brushes.  K'  K',  which  are  in  metallic  con- 
nection with  the  attachment  screws  K K,  of  which  there  are  two 
pairs,  one  at  each  end  of  the  machine,  (as  shown  in  lig.  18.) 
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Tlie  coiistructioii  of  the  armature  is  very  iiiterestino- and  ingenious, 
l.aeli  of  tlie  iiiduetioii-coils  sliowii  at  Tt  (Idg-s.  19,  i>0,  ami  21)  is  eom- 
posed,  tirst,  of  a flat  spool  or  bobbin  of  the  form  marked  /t,  and  then 
li  wound  in  a lathe  Avith  insulated  copi>er  Avire  1.9  mm.  in  diameter, 
a id  of  vvliich  the  total  Avei->ht  in  tlie  Avhole  machine  is  from  120  to  1.30 
pounds.  The  iron  cores  of  tliese  coils  ar«>  built  up  of  eighty  thick- 
Jjessesof  soft  sheet-iron  one  millimetre  in  thickness,  and  stamiied  out 
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by  a machine.  The  coils  are  wound,  and  attached  to  the  armature- 
A\  leel  b_A  «i  set  ot  liolts,  marked  c,  Avhich  jiass  throu<*h  the  projecting' 
lugs  (j  oT  the  Avheel,  and  throiigh  the  cylindrical  hole  formed  by  the 
«eini-cA lindrical  groo\es  in  the  ends  of  the  iron  core-jiieces  Avhen 
al  utting  the  one  against  the  other. 

The  conpling-np  ot  the  armature  coils  is  one  of  the  most  ingenious 
tc.itiiies  ot  the  machine;  for,  as  the  magnets  are  arranged  around  the* 
ai  nature  in  such  a AAay  that  in  the  rotation  of  the  coils  alternate 
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po  es  are  pres(*nte<l  to  nny  one  boliln'ii,  it  follows  that  if  the  bobbins 
AA e e numbered  1,  2,  o,  1,  »^c.,  up  to  l(i,  the  mirrents  induced  in  all 
tin  even-numliered  bobbins  AA'onld  be  in  one  direction,  and  in  all  the 
•(»d(,  numbers  in  the  opposite;  anil  it  would  appear  at  tirst  sight  that 
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these  coils  could  not  be  connected  together  in  series  Avithout  the  one 
set  of  currents  neutralizing  the  other.  lUit,  by  connecting  the  arma- 

^ tnre-coils  together  in  the  manner  .shoAvn 
in  Fig.  27,  it  Avill  be  seen  that  although 
the  currents  generated  in  consecutive 
coils  are  opposite  in  direction  to  one 
.^7.  another,  yet  their  combined  current 

transmitted  to  the  collecting  apparatus  is  in  the  same  direction. 

In  the  early  part  of  this  article  attention  Avas  draAvn  to  the  distinc- 
tion betAveen  the  luminous  and  geographical  ranges ; and  in  all  the 
installations  described,  regard  has  only  been  paid  to  the  increase  ot 
the  former,  the  latter  lieing  neglected.  This  is  readily  explained  by 
the  necessity  there  Avas  of  giAung  a unit  to  the  neAv  system  ot  lighting 
the  French  coasts.  There  is,  however,  a point  which  it  will  be  im-^ 
portant  to  consider,  and  Avhich  may  serve  to  augment  the  efficiency  of 
the  system.  In  days  of  heaA'y  fog,  Avhen  the  luminons  range  is  con- 
si<lerably  diminished,  this  diminution  AA'onld  be  much  less  it  the  geo- 
graphical range  conld  be  increased. 

A rather  important  step  has  been  made  in  this  direction  by  the  use 
of  specially-constructed  optical  apparatus.  This  apparatus  is  tur- 
nished  on  the  upper  part  AA'ith  a series  of  annular  lenses,  Avhose  ettect 
is  to  project  aboA'e  the  light  a beam  of  vertical  rays  extending  to  a 
great  height.  This  beam  illumines  either  the  clouds,  or  the  vapor 
Avhich  tills  the  atmosphere,  and  is  CA'en  A'isible  in  clear  AAeathei,  be- 
cause the  air  contains  enough  particles,  both  solid  and  vaporous,  to 
alloAv  the  phenomenon  of  ditthsion  to  be  produced.  These  luminou.s 
rays  thus  projected  are  visible  to  quite  a distance  even  in  foggy  nights, 
and  the  geographical  range  is  notably  increased. 

The  tirst  application  of  this  system,  Avhich  has  not  yet  been  adopted 
in  France,  is  about  to  be  made  in  the  Sea  of  Azof.  The  ships  Avhich 
cross  this  sea  in  the  direction  of  Berdiansk  are  guided  to  their  point 
of  arrival  by  a light,  Avhich,  in  the  actual  state  of  its  installation, 
could  not  be  seen  sufficiently  tar;  and  it  Avas  decided  to  apply  the 
system  mentioned  above.  The  apparatus  recently  constructed  by 
.Messrs.  Sautter  and  Lemonnier  aa  IU  shortly  Ite  installed,  and  then  the 

efficacy  of  the  system  can  be  judged. 

The  example  thus  giA'en  by  the  French  light-house  board  has  alread\ 

Vieen  followed  by  other  nations.  The  ( tttonian  government  has  studied 
a plan  of  electric  lighting  for  the  coasts  of  Turkey.  In  England  an 
appropriation  has  been  asked  to  establish,  in  1881,  about  sixty  electric 


and  a similar  re(iuest  will  be  made  for  the  establishment  ot  a 
hundred  lights  iii  1882. 

Oil  account  of  the  time  which  the  complete  execution  of  the  project 
for  lighting  the  French  coasts  Avill  take,  it  may  be  that  the  experience 
ob  ained  with  the  tirst  lights  will  shoAv  some  moditications  to  be  made 
in  ;he  adopted  ])lan,  and  that  the  lights  last  made  may  not  have  en- 
tir  >ly  the  same  dimensions  and  characteristics  as  those  tirst  built. 

11  fact,  some  criticisms  have  been  made  by  foreign  engiueeis, 
es].ecially  on  the  diameter  of  0.(5  met.  of  the  optical  apparatus,  a diam- 
eti  r which  these  engineers  consider  relatively  too  small.  The  faults 
asi  ribed  to  optical  apparatus  of  small  diameter  are  those  ot  heating 
too  readily  oil  account  of  the  proximity  of  the  luminous /oi/er,  and 
nh  o that  of  being  more  quickly  covered  with  carbon-dust.  We  do  not, 
hosvever,  believe  that  there  is  much  to  fear  from  this  with  apparatus 
0.(  met.  in  diameter,  since  for  the  last  twenty  years  the  lights  ot  La 
Ib've  have  worked  well  with  apparatus  0.3  met.  in  diameter.  The 
lu  .iliaViilities  are  that  future  modifications  will  only  be  changes  in  de- 

ta  1,  which  will  not  atfect  the  general  project. 

The  above  sIioavs  the  means  France  has  taken  to  light  her  coasts, 
ai  d is  a most  emphatic  recognition  of  the  value  ot  the  electric  light 

fu  • that  purpose. 

The  arc  light,  however,  has  two  defects  which  have  not  been  men- 
ti  ,„ed— one,  a lack  of  hxity ; the  other,  a deticiency  in  the  red  and  yel- 

10  sv  rays  of  the  speidruni.  This  lack  of  fixity  is  partly  due  to  the  car- 
bons not  being  honiogeneons,  and  partly  to  faults  in  the  regulators. 

11  iproved  processes  of  inaniifactiire  have  in  a great  measure  removed 
tl  ese  defects,  but  even  the  best  lights  will  still  occasionally  fiicker. 

The  red  and  vellow  rays  have  the  greatest  penetrating  ])Ower;  and 
h r this  reason  mi  oil  light,  which  is  rich  in  these  rays,  can  be  seen 
fi  rther  in  foggy  weather  than  an  electric  light  of  equal  candJe-poicer. 
But  the  electric  light  can  be  made  so  much  more  powerful  than  the 
bist  oil  light  that  this  deficiency  can  be  more  than  made  up;  still,  it 
11  list  be  borne  in  mind  when  the  candle-powers  of  the  two  lights  are 

c uiipared.  , . • 

When  the  French  system  was  adopted,  the  incandescent  electiic 

light  had  not  left  the  domain  of  experiment ; and  even  now  its  Inniin- 

oas  intensity  is  very  inncli  less  than  that  which  can  readily  be  obtained 

f 0111  an  arc  light  of  moderate  dimensions.  It  possesses,  however,  the 

element  of  remarkable  fixity,  and  is  rich  in  red  and  yellow  rays.  Ko 

1 gilt  could  be  better  for  a light  house,  if  it  can  be  produced  cheaply, 

lave  sufficient  luminous  intensity,  and  be  made  reliable.  It  will. 
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moreover,  dispense  Avith  the  someAvliat  complicated  and  expensiA'e 
regulators. 

It  is  in  this  line  that  the  Light-House  Board  of  the  Lbiited  Sta-tes  is 
about  to  make  experiments,  and  the  results  obtained  Avill  luiA  e great 
interest  for  the  Avhole  Avoiid. 

Since  Avriting  the  above  the  Light-House  Board  has  contracted  for 
an  iron  skeleton  toAA'er  tAA’o  hundred  and  fifty  feet  high,  carrying  six 
poAverfnl  arc  lights,  to  be  erected  at  Hallet’s  Point,  XeAv  York,  by 
XoA^ember  1,  1883,  for  the  purpose  of  illuminating  the  passage  through 
Hell  Gate. 

This  AA'ill  be  the  first  aiiplication  in  the  United  States,  by  the  Goa'- 
ernment,  of  the  electric  light  as  an  aid  to  navigation,  and  Avill  not  lie 
a light-house  in  the  ordinary  sense  of  the  term,  but  is  intended  to  light 
the  channel  in  the  same  Avay  as  electric-light  toAvers  light  the  streets 
of  A'arious  cities,  notably  in  CleA'eland,  ( )hio,  and  at  Madison  Square, 
XeAV  York,  Avhere  the  Brush  Conqiany  has  erected  towers  tAvo  hundred 
and  fifty  feet  high  for  this  purpose. 

The  Light-House  Board  has  also  ordered  the  ne(*essary  lenses  and 
electrical  appliances  for  the  purpose  of  testing  the  A'aliie  of  both  the 
arc  and  incandescentlights,  for  light-house  imrposes.  The  experiments 
AA'ill  be  made  at  the  light-house  depot,  Staten  Island,  under  the  im- 
mediate charge  of  the  district  ofiicers. 

The  greater  part  of  the  alioA’e  ap]>eared  in  “ Science.’* 

DAYID  POBTEB  HEAP. 
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